Objectives and methods: Chronic myelomonocytic leukemia (CMML) is a severe disease for which allogeneic stem cell transplantation (allo-SCT) remains the only potentially curative treatment. We describe a retrospective study determining prognostic factors for outcome after allo-SCT in consecutive 73 patients with CMML reported to the SFGM-TC registry between 1992 and 2009. Results: At diagnosis, median age was 53 yrs, and 36% patients had palpable splenomegaly (SPM). 48, 13, and 9 patients had good, intermediate, and poor risk karyotype, respectively, according to IPSS, 61% patients had CMML-1, and 39% had CMML-2. 41/31/1 cases had an HLA-identical sibling, an unrelated and haploidentical donor, respectively. 43 patients received reduced-intensity conditioning. With a median follow-up of 23 month, acute grade 2-4 and chronic GVHD developed in 21 and 25 patients, respectively. The 3-year OS, NRM (non-relapse mortality),EFS, and CIR (cumulative incidence of relapse) were 32%, 36%, 29% and 35%, respectively. OS was not influenced by the CR status, marrow blasts% at allo-SCT, prior treatments, and cGVHD. Using multivariate analysis, year of transplant < 2004 (YOT) (P = 0.005) was associated with higher NRM, YOT < 2004 (P = 0.04) and SPM at allo-SCT (P = 0.02) with lower EFS, and YOT < 2004 (P = 0.03) and SPM at allo-SCT (P = 0.04) with poorer OS. Conclusions: Allogeneic stem cell transplantation is a valid treatment option for patients with CMML, and its outcome has improved with YOT > 2004. Splenomegaly seems to be a negative factor of OS and EFS in this series.
accounts for the variable overall survival (OS) that ranges from 12 months to several years in published series (1) (2) (3) (4) .
Several prognostic classifications have been proposed in CMML, generally combining the 'proliferative' and 'dysplastic' aspects of the disease (5-7). Drug treatment of CMML, when poor prognostic factors are present, remains disappointing, although the hypomethylating agents decitabine and azacitidine have recently yielded some interesting results, with overall response rate around 40% (8) (9) (10) (11) .
As in higher-risk MDS, allogeneic hematopoietic stem cell transplantation (allo-SCT) is therefore still considered as the only potentially curative approach in CMML. However, very few series of allo-SCT in CMML have been published, reporting a long-term disease-free survival and OS rates ranging between 18 and 41%, and 18 and 45%, respectively (12) (13) (14) (15) (16) (17) (18) .
This retrospective study aimed at assessing the outcome of allo-SCT in a group of 73 consecutive CMML patients reported to the registry of the Soci et e Franc ßaise de greffe de moelle et de th erapie cellulaire (SFGM-TC).
Patients and methods

Study design and patients selection
This was a retrospective multicenter analysis. Data of all patients with CMML receiving allo-HSCT were provided by the registry of the SFGM-TC (promise). SFGM-TC is a voluntary national working group including all French transplant centers, participants of which are required once a year to report all consecutive stem cell transplantations and follow-up. The scientific council of the SFGM-TC approved this study that was conducted according to the principles of the Declaration of Helsinki.
Between 1992 and 2009, 16 952 patients who had undergone allo-SCT in France were reported to the SFGM-TC registry, of whom 73 patients were diagnosed with CMML. Patients with juvenile myelomonocytic leukemia were excluded. The patient files were reviewed to confirm diagnosis of CMML, based on WHO criteria: blood monocytes > 1 9 10 9 /L (with monocytes representing at least 10% of the leukocyte differential count), dysplastic features in the bone marrow, absence of eosinophilia, absence of BCR-ABL rearrangement, and absence of t(5;12) (19) .
Study endpoints and statistical analyses
Endpoints considered were overall survival (OS), event-free survival (EFS), cumulative incidence of relapse (CIR), and non-relapse mortality (NRM).
Variables considered for their prognostic value were age (greater or less than 55 yrs, which was the median age of the population) at diagnosis, gender, presence of palpable splenomegaly at diagnosis and before transplant,% marrow blasts, white blood cell count, blood monocyte count, ANC, blood lymphocyte count, presence of blood immature granulocytes, Hb level, platelet count, myelodysplastic features on marrow aspirates or biopsies at diagnosis and allo-SCT, cytogenetics at diagnosis (according to IPSS classification) (20) , interval between diagnosis and allo-SCT (greater or less than 12 months), prior treatment, disease status at transplantation (using FAB and WHO classification), transplant characteristics (including donor type, CMV serology, conditioning regimen), and occurrence of acute and chronic GVHD. Reduced-intensity conditioning regimen (RIC) was defined according to published criteria (21) .
In the absence of consensus prognostic scoring system in CMML, three published systems at diagnosis and allo-SCT were analyzed for their prognostic value on the outcome of allo-SCT, including (i) classification in CMML-1 and CMML-2 according to WHO classification, (ii) classification according to IPSS in patients with WBC < 13 9 10 9 /L and using prognostic factors published by the Groupe Francophone des My elodysplasies (GFM) in CMML with WBC > 13 9 10 9 /L (unfavorable factors included: palpable splenomegaly (SPM), Hb < 10 g/dL, platelets < 100 9 10 9 /L, marrow blasts >5%, abnormal karyotype, extramedullary disease) (22) , (iii) the MD Anderson classification with Hb < 12 g/dL, presence of circulating immature myeloid cells, bone marrow blasts >10%, absolute lymphocyte count above 2.5 9 10 9 /L (23). CIR and NRM were calculated from the date of transplant to the date of relapse or death in remission, respectively, with the other event being the competing risk (24) . EFS was defined as the interval from allo-SCT to either relapse/progression or death in remission. Probabilities of OS and EFS were calculated using the Kaplan-Meier estimate; the log-rank test was used for univariate comparisons. Acute and chronic GVHD were analyzed as time-dependent variables.
Multivariate analyses were performed using Cox proportional hazards for OS and EFS and proportional subdistribution hazard regression model of fine-gray for other outcomes (25) . A stepwise backward procedure was used to construct a set of independent predictors of each endpoint. All predictors achieving a P-value below 0.20 by univariate analysis were included in the multivariate analysis and sequentially removed if the Pvalue in the multiple model was above 0.10. All tests were twosided. The type-I error rate was fixed at 0.05 for determination of factors associated with time to event outcomes. Statistical analyses were performed with SPSS 19 (Inc., Chicago) and R 2.13.1 software package (the R foundation for statistical computing -http://www.R-project.org) (25) .
Results
Baseline patient characteristics and treatments before transplant
The patient population characteristics are resumed in Table 1 . At diagnosis, twenty-two (30%) patients had palpable SPM, median WBC count was 19 9 10 9 /L (range 2.8-830), and 45 (69%) patients had WBC > 13 9 10 9 /L. Of the 28 patients with WBC < 13 9 10 9 /L, 3, 5, 6, and 1 patient had low-, int-1, int-2, and high-risk IPSS, respectively, while of the 45 patients with WBC > 13 9 10 9 /L, 37 (82%) had at least two of the poor prognostic factors described by the GFM.
Before allo-SCT, 26 patients were treated with conventional anthracycline-cytarabine chemotherapy (CT), eight of them belonging to the good or intermediate karyotype risk groups. Eighteen patients received low-dose CT with hydroxyurea or VP16. Three patients received interferon, and six received a hypomethylating agent (Table 2) .Thirtyone patients (43%) were reported to have developed an infectious episode (bacterial or fungal) between diagnosis and allo-SCT, among them 11 having received high-dose chemotherapy.
Median interval from diagnosis to allo-SCT was 10.6 months (range, 2.8-80). Median year of transplantation was 2004. At time of allo-SCT, 15 patients (53% of the patients having received CT or hypomethylating agents) were in CR (Table 2) , and six had progressed to AML. The remaining 50 patients still fulfilled CMML criteria, including 24 CMML-1 and 26 CMML-2. Of the 34 patients with WBC < 13 9 10 9 /L, 4, 8, and 6 had int-1 int-2, and higher IPSS, respectively (while 16 were not evaluable due to absence of karyotype), and 9 of the 16 patients with WBC > 13 9 10 9 /L had at least two GFM poor prognostic factors (Table 1) . Seventeen percent, 43%, 23%, and 17% of patients had MD Anderson score of 1, 2, 3, and 4, respectively. Nineteen patients (34%) had palpable SPM, which had developed between diagnosis and allo-SCT in nine of them. Presence of palpable SPM at allo-SCT was correlated with thrombocytopenia (median platelet number 76 9 10 9 /L vs. 138 9 10 9 /L in SPM+ and SPMÀ patients, respectively, P = 0.05), presence of peripheral blasts (mean 0.0083 vs. 0 9 10 9 /L in SPM+ and SPMÀ patients, respectively, P = 0.03), and myelemia (78% vs. 36% in SPM+ and SPMÀ pts, respectively, P = 0.008). Patients with palpable splenomegaly tended to have a worse Karnofsky score (KS) (59% with less than 90% KS vs. 38% for patients not having SPM at allo-SCT) and a longer interval to transplantation (68% of patients (SPM+) vs. 30% (SPMÀ) had an interval between diagnosis and allo-SCT >12 month compatible with more advanced disease, P = 0,06), and splenomegaly was not correlated with previous infections (P = 0.79). There was no splenectomy declared in this series.
Forty-one patients received allo-SCT from an HLAmatched related donor and 32 from a matched unrelated donor. Thirty patients (41%) received a standard myeloablative conditioning (MAC) regimen before allo-SCT, while 43 patients (59%) received a reduced-intensity conditioning (RIC). Graft versus host disease (GVHD) prophylaxis consisted of cyclosporine and methotrexate in 34 patients and of cyclosporine and mycophenolate mofetil in all others. Twenty-seven patients received conventional non-manipulated bone marrow as a stem cell source, and 46 patients had peripheral blood cells. Supportive care was provided according to each center's guidelines.
Outcome
With a median follow-up of 23 months (range, 1-145), grade 2-4 acute GVHD was observed in 28 patients (cumulative incidence, 41 AE 5% at 3 months). Chronic GVHD was diagnosed in 25 patients (35%) (limited in 15 and extensive in 10; cumulative incidence: 33% at 2 yrs). Five patients did not engraft with three of them having palpable splenomegaly at transplant.
The 2-and 3-year OS were 42% and 32%, respectively (Fig. 1A) . Forty-five patients had died (26 from NRM (six GvHD, four pulmonary toxicity, eight bacterial infections, four viral infections, one veino-occlusive disease, three hemorrhage events, one CNS toxicity), 19 from disease progression). The 3-year cumulative incidence of NRM was 36% (Fig. 1B) . The 3-year disease-free survival was 29% (Fig. 1C) . The CIR was 35% at 3 yrs (Fig. 1D) .
Prognostic factors
Non-relapse mortality (NRM) was lower in female patients (14% vs. 41%, P = 0.03), in patients without palpable SPM at diagnosis (22% vs. 51%, P = 0.05), and in patients transplanted after 2004 (18% vs. 46%, P = 0.008). Patients who had infections (42% being bacterial infections, 58% viral and fungal infections) prior to transplant had a higher 2-year NRM (48% vs. 22%, P = 0.04). In multivariate analysis, WBC < 13 9 10 9 /L (HR = 2.31; 95% CI: 1.08-5.26; P = 0.03), transplant before 2004 (HR = 5.6; 95% CI: 1.67-20; P = 0.005), and infections before transplant (HR = 3; 95% CI: 1.27-6.97; P = 0.01) were significantly associated with worse NRM.
There was no influence of donor type, CMV serology in patient and in donor, conditioning regimen, BM vs. PBC on cGVHD incidence (data not shown). But in female donor to male receiver allo-SCT, there was a higher incidence of cGVHD (50% vs. 25%, P = 0.008).
Cumulative incidence of relapse (CIR), in univariate analysis, did not statistically differ by type-2 and type-1 CMML patients at diagnosis (58% vs. 34% at 3 yr, P = 0.20) and by cGVHD onset (P = 0.72), but was higher in female patients (47% vs. 30%, P = 0.01), in patients without infections before transplant (46% vs. 19%, P = 0.02), and tended to be higher in patients with palpable SPM at transplant (47% vs. 25%, P = 0.07). In multivariate analysis, female gender (HR = 2.9; 95% CI: 1.06-8; P = 0,04) and absence of infections before transplant (HR = 0.3; 95% CI: 0.1-0.85; P = 0.02) were still significantly associated with higher relapse incidence, while palpable SPM at transplant had only borderline significance (HR = 2.6; 95% CI: 0.93-7.3; P = 0.07). Overall survival, in univariate analysis, was not influenced by the following factors: age >55 yrs at diagnosis and transplant, interval from diagnosis to transplant greater than 12 months, infections before transplant, disease status at allo-SCT (CR versus others) at diagnosis and transplant,% marrow blasts, IPSS for patients with WBC < 13 9 10 9 /L and GFM score for patients with WBC > 13 9 10 9 /L, MD Anderson score, karyotype (according to IPSS), transplant before 2004, donor type (Table 3) , and conditioning (3-year OS was 33% after MAC conditioning vs. 49% after RIC conditioning; P = 0.17) (Table 3) , while palpable SPM at transplant was significantly associated with poorer survival (2-year OS: 52% vs. 28% in patients with palpable SPM, P = 0.03) (Fig. 2) . Among the 19 patients with SPM at transplant, 15 had died: nine from HSCT-related deaths and six from relapse and disease progression. Two of the five patients who did not engraft had palpable SPM at transplant.
In multivariate analysis, the two significant unfavorable prognostic factors for OS were palpable SPM at time of transplant (HR = 0.48; 95% CI: 0.24-0.98; P = 0.042) and transplant performed before 2004 (HR = 0.42; 95% CI: 0.19 -0.91; P = 0.03). The same prognostic factors were found for EFS (palpable SPM at transplant (HR = 0.44; 95% CI: 0.19-0.91; P = 0.02) and transplant performed before 2004 (HR = 0.46; 95% CI: 0.22-0.97; P = 0.04)) ( Table 4) .
Discussion
Thus far, only a few large retrospective studies of allo-SCT for CMML have been reported (Table 5) . Although, all these retrospective heterogeneous studies focus on a very select population of patients with CMML who survived until the transplant and were fit enough to undergo an allogeneic transplant, they describe the outcome of the treatment considered as curative in this disease. The current series included patients transplanted for CMML in France between 1992 and 2009, 59% of whom received RIC conditioning regimen, in a registry where clinical data such as presence of palpable splenomegaly and infections before allo-SCT are recorded, and with long-term follow-up. Three-year OS, NRM, and CIR were 32%, 36%, and 35%, respectively.
In Kroger et al.'s study published in 2002, where 50 adult cases with a median age of 44 yrs who underwent myeloablative allogeneic blood or marrow transplantation were reported, the 3-year OS and DFS were 21 and 18%, respectively, with an estimated probability of relapse of 49% and TRM of 52% at 3 yrs (16). These results that appear poorer than the ones we report could possibly be explained by differences in patient characteristics, among them more abnormal karyotypes in the series of Kroger et al., and the myeloablative conditioning regimens that predominated before 2002. This is supported by the results of Kerbauy et al., in 43 patients with a median age of 48 yrs, of whom 50% received allo-SCT from unrelated donors (14) and who received essentially MAC regimens with busulfan-and TBIbased conditioning regimens, who reported an OS of 23%, a relapse-free survival of 41% at 4 yrs and a 4-year CIR at 23%.
Recently, Eissa et al. reported, in a series of 85 patients, a 10-year PFS of 38% and 10-year relapse incidence of 27%. The population in this study was quite different from ours because they were younger with more frequent unfavorable karyotype. But interestingly the outcome and prognostic factors of survival are closely related, possibly due to the predominant use of RIC conditioning regimens as in our study (13) . Three-year OS was 33% after MAC conditioning vs. 49% after RIC in the present work, a difference that was, however, not significant, and the use of a RIC regimen did not significantly reduce the incidence of NRM. But the year of transplant after 2004 influenced positively OS and EFS, with more than 70% of RIC after 2004. Thus far, studies specifically addressing the use of RIC allo-SCT for CMML have included only a limited number of cases, and follow-up was short (26) . In the report from Ocheni et al. (26), 12 patients were included with a follow-up of 26 months with a high 3-year TRM of 25%, severe acute GVHD being a major cause of TRM.
In the current study, palpable SPM at transplant was significantly associated with poorer OS, a finding has not been previously made in adult CMML undergoing allo-SCT, to our knowledge. In addition, palpable SPM was also a predictive factor for poorer OS in multivariate analysis. The presence of splenomegaly in this disease, however, could be a mere surrogate of other negative features related to the biology of disease (proliferative form of CMML, thrombocytopenia, presence of peripheral blasts cells in PB, adverse cytogenetics, etc.), a longer disease evolution, or even hostrelated features such as performance status, and not an adverse prognostic factor 'per se'. Palpable splenomegaly probably reflects more advanced disease although it did not increase CIR. Alternatively, it could reflect a general status of the patient who tended to have a poorer Karnofsky score. Sample size of current series and interaction with many other factors might preclude a robust multivariate analysis. There was no splenectomy declared in this series, with the limitation of a retrospective registry data, but there was no consensus in the centers on the issue of splenectomy before allogeneic transplantation.
We found no prognostic impact, on OS, of the scoring systems that have demonstrated an impact on survival in CMML outside of the transplant setting, including the classification in CMML-1 and CMML-2, the MD Anderson score, the IPSS, and the GFM score described above. In Kerbauy's series (14) , the IPSS and the MD Anderson score also did not correlate with outcomes. Other previously published series of CMML found no prognostic factors for OS after allo-SCT (14, 16) . In Eissa's study, mortality was negatively correlated with pretransplant hematocrit and increased with high-risk cytogenetics, higher number of comorbidities, and increased age (13) . In Kerbauy's series, patients with higher HCT-specific comorbidity index had worse overall survival than patients with lower score (14) . We could not evaluate those parameters, as HCT-specific comorbidity index data are not available in the SFGM-TC registry.
In the present report, the CR status at allo-SCT did not influence outcome, contrary to what was reported in a previous series (12) . Thus, it remains unclear whether reducing marrow blasts by chemotherapy (27) before allo-SCT is useful in CMML. It may even be deleterious to administer several cycles of chemotherapy to these patients, as the occurrence of infections before allo-SCT could have a negative impact on NRM. Patients with infections before allo-SCT tended to have a poorer survival and higher NRM, a finding not previously reported in studies of allotransplant in CMML (12) (13) (14) (15) (16) (17) . The hypomethylating agents azacitidine or decitabine may represent novel alternatives for cytoreduction prior to allo-SCT (8, 28) , allowing patients to reach transplant without increased chemotherapy-related toxicities, although they need prospective evaluation in that context (29) .
By contrast with a previous study showing an impressive 3-year DFS of 65% in 18 patients with favorable cytogenetics (15), karyotype did not influence OS in our series and in different other series (13, (15) (16) (17) . But Such et al. (30) had described a new prognostic system for CMML with three ) . This warrants further confirmation on larger series. In the future, it is likely that analysis of somatic gene mutations (including ASXL1, TET2, AML1, N-RAS, EZH2, IDH1/2, and spliceosome gene mutations) found in more than 50% of patients with CMML may help further refine prognosis analysis in CMML (22, (31) (32) .
In conclusion, findings from the current analysis suggest that allo-SCT is a valid treatment option for patients with CMML eligible to such therapy. Palpable SPM at time of transplantation is a significant independent negative prognostic factor for OS, while NRM may be influenced by the occurrence of infections prior to transplant.
Further improvements in allotransplantation procedures in CMML should improve outcome of these patients.
